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Material and Methods

Structural analyses

The purified VN1203 HA RBS 3-mutant (N158D, N224K and Q226L) and VN1203 transmissible
HA 4-mutant (N158D, N224K, Q226L and T318l) in 10 mM Tris, pH 8.0, 50 mM NaCl were
concentrated to 7.0 mg/ml and 11.0 mg/ml, respectively, and subjected to crystallization trials
using the automated Rigaku Crystalmation system at the Joint Center for Structural Genomics.
The crystals used for data collection were grown by the sitting drop vapor diffusion method at
22°C with a reservoir solution containing 0.1 M Hepes, pH 7.5, 0.2 KF, 22% (w/v) PEG 3350 for
VN1203 HA 3-mutant or 0.1 M Tris, pH 8.0, 0.2 M KF, 20% (w/v) PEG 3350 for VN1203 HA 4-
mutant. The crystals were flash-cooled in liquid nitrogen using 20% ethylene glycol (v/v) in mother
liquor as cryoprotectant.

Structures were determined by molecular replacement with the program Phaser (1) using
the VN1203 HA structure (PDB codes 3GBM) as a model. Initial rigid body refinement and
restrained refinement were performed with program REFMACS (2) and PHENIX (3). Additional
positive electron density was observed near all 5 potential N-glycosylation sites in the various HA
monomers. The stem region of both mutant HAs showed higher flexibility in the crystal as
indicated by higher B-values compared to the wild type, which had an antibody bound to the stem
region of the HA (Fab CR6261).
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Supplementary Table 1. Glycans imprinted on the microarray.

Glycan # Name Structure
1 Galp(1-4)GlcNAcpB-ethyl-NH, Oﬁl
2 Galp(1-4)GleNAcp(1-2)Mana(1-3)[Galp(1-4)- | O—1I a6
GlcNAcB(1-2)-Mana(1-6)]-Manp(1-4)- p4—p2 —
GIecNACP(1-4)-GleNAc-Asn-NH, Oy M@ P+
3 NeuAca(2-3)-GalB(1-4)-6-O-sulfo-GlcNAcp- g 6.3
propyl-NH, a3~ p4
4 NeuAca(2-3)-GalB(1-4)-[Fuca(1-3)]-6-O-sulfo- 6S
GIcNAcB-propyl-NH, a 3B 4T, 3
5 NeuAca(2-3)-6-O-sulfo-GalB(1-4)-GlcNAcp- 6:5
ethyl-NH, a3~p4
6 NeuAca(2-3)-6-O-sulfo-Galp(1-4)-[Fuca(1-3)]- 6S
GlecNAcB-propyl-NH, w3 pAm 5
7 NeuAca(2-3)-GalB(1-3)-6-O-sulfo-GlcNAcp- 8 6.3
propyl-NH, a37p3
8 NeuAca(2-3)-Galp(1-4)-GlcB-ethyl-NH, —0O—@
a3-p4
9 NeuAco(2-3)-Galp(1-4)-GlcNAcB-ethyl-NH, —O—n
a3-p4
10 NeuAca(2-3)-GalB(1-4)-GlcNAcB(1-3)-Galp(l- | ¢—O—l—O—M
4)-GlcNAcB-ethyl-NH, a3Tp4TR3ITR 4
11 NeuAca(2-3)-Galp(1-4)-GleNAcB(1-3)-Galp(l- | ¢—O—l—O—B—0O—HN
4)-GlcNAcP(1-3)-GalB(1-4)-GlcNAcB-ethyl- a3TBRATEITRATPITL 4
NH,
12 NeuAco(2-3)-GalNAcB(1-4)-GlcNAcB-ethyl-
NH, 'a§D|3 4.
13 NeuAco(2-3)-Galp(1-3)-GlcNAcB-ethyl-NH, —O—nH
a37p3
14 NeuAca(2-3)-GalB(1-3)-GleNAcB(1-3)-Galp(l- | ¢—O—l—O—M
4)-GlcNAcB-ethyl-NH, a3Tp3ITRITR 4
15 NeuAca(2-3)-Galp(1-3)-GleNAcB(1-3)-Galp(l- | ¢—O—l—O—M
3)-GlcNAcp-ethyl-NH, a3TB3TPITH 3
16 NeuAca(2-3)-GalB(1-3)-GaINAcB(1-3)-Gala(l- | ¢—O-—"1+-0—0—@
4)-Galp(1-4)-GleB-ethyl-NH, a3TPITPITaaTp4
17 NeuAca(2-3)-Galp(1-3)-GalNAca-Thr-NH, &—O—T1—Thr
a 3B 3—a
18 NeuAca(2-3)-GalB(1-3)-[GlcNAcB(1-6)]- 36
GalNAco-Thr-NH, Thr
63 a
a3
19 NeuAca(2-3)-GalB(1-4)-GlcNAcB(1-6)- 36
[GalB(1-3)]-GalNAco-Thr-NH, a37p4 —Thr
B3
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Glycan # Name Structure

20 NeuAca(2-3)-Galp(1-4)-GleNAcB(1-3)-Galp(1- B 6
4)-GlcNAcB(1-6)-[GalB(1-3)]-GalNAco-Thr- a3TR4TRITR4 Thr
NH, B3¢

21 NeuAca(2-3)-Galp(1-4)-GleNAcp(1-3)- —O—m{1—Thr
GalNAco-Thr-NH, a3Tp4TRITC

22 NeuAca(2-3)-Galp(1-4)-GleNAcB(1-3)-Galp(1- | —O—M—=O—M—1—Thr
4)-GIcNACP(1-3)-GalN Aca-Thr-NH, a3Tp4TpITR4TH IO

23 NeuAca(2-3)-Galp(1-4)-GleNAcp(1-3)- 36
[NeuAca(2-3)-GalB(1-4)-GIcNAcB(1-6)]- a3”p4 Thr
GalNAco-Thr-NH, o3 b3

24 NeuAca(2-3)-Galp(1-4)-GleNAcB(1-3)-Galp(1- 36
4)-GleNAcPB(1-3)-[NeuAca(2-3)-Galp(1-4)- a3Tp4TR3TR4 Thr
GIeNAcp(1-3)-GalB(1-4)-GleNAcp(1-6)]- o 3 0p s 3O 3
GalNAco-Thr-NH,

25 NeuAca(2-3)-Galp(1-4)-GleNAcp(1-2)- —0O—n a6
Mana(1-3)-[NeuAca(2-3)-Galp(1-4)- a3~p4 %
GleNAcB(1-2)-Mana(1-6)]-Manf(1-4)- 50 M@0 P
GIcNAcB(1-4)-GlcNAcB-Asn-NH,

26 NeuAca(2-3)-Galp(1-4)-GleNAcB(1-3)-Galp(1- a6
4)-GlecNAcB(1-2)-Mana(1-3)-[NeuAca(2-3)- a3”RATPITRATH 2 T
Galp(1-4)-GIeNAcB(1-3)-Galp(1-4)- 30 iy 305 500 S
GleNAcp(1-2)-Mana(1-6)]-ManB(1-4)-

GIcNAcB(1-4)-GlcNAcB-Asn-NH,

27 NeuAca(2-3)-Galp(1-4)-GleNAcB(1-3)-Galp(1- o 6
4)-GleNAcB(1-3)-GalB(1-4)-GleNAcp(1-2)- a3TRATEITRATPITH AT 2 W
Mana(1-3)-[NeuAca(2-3)-GalB(1-4)- P W o T TP TR T ) AR R
GleNACp(1-3)-Galp(1-4)-GleNAcp(1-3)-
Galp(1-4)-GleNAcp(1-2)-Mana(1-6)]-Manf(1-
4)-GlcNAcB(1-4)-GlcNAcB-Asn-NH,

28 NeuAca(2-3)-[GalNAcB(1-4)]-Galp(1-4)- 3 4
GlcNAcB-ethyl-NH, A543

29 NeuAca(2-3)-[GalNAcB(1-4)]-Galp(1-4)-Glcp- 34

thyl-NH
ety 3B 4

30 Galp(1-3)-GalNAcp(1-4)-[NeuAca(2-3)]- 5 4

Galp(1-4)-Glcp-ethyl-NH, p3
73 b4

31 NeuAco(2-3)-Galp(1-4)-[Fuca(1-3)]-GlcNAcB- PENY
propyl-NH, T o3

32 NeuAco(2-3)-Galp(1-3)-[Fuca(1-4)]-

GleNACp(1-3)-Galp(1-4)-[Fuca(1-3)]- o 4
GlcNAcB-ethyl-NH, a3~B3 3¥p 4 03

33 NeuAca(2-3)-Galp(1-4)-[Fuca(1-3)]-

GIcNAcB(1-3)-GalB(1-4)-[Fuca(1-3)]- a3 C p 4II3 33 :B 4I 3
GlcNAcp-ethyl-NH, ! Y
34 NeuAco(2-3)-Galp(1-4)-[Fuca(1-3)]-

GIcNACcB(1-3)-Galp(1-4)-[Fuca(1-3)]-
GlcNACcB(1-3)-Galp(1-4)-[Fuca(1-3)]-
GlcNAcB-ethyl-NH,

a3BATBITp 4TI 4
pAaTB =B 4T PS™

:
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Glycan # Name Structure

35 NeuGeo(2-3)-Galp(1-4)-GleNAcp-ethyl-NH, OTOﬁ—éll

36 NeuAco(2-6)-Galp(1-4)-6-O-sulfo-GlcNAcB- 6S
propyl-NH» ‘(x ()O[ﬁ 4.

37 NeuAca(2-6)-Galp(1-4)-Glep-ethyl-NH, moﬁ—@

38 NeuAco(2-6)-Galp(1-4)-GlcNAcB-ethyl-NH, OROWI

39 NeuAca(2-6)-Galp(1-4)-GleNAcB(1-3)-Galp(1- | ¢—O——O—Il
4)-GlcNAcB-ethyl-NH, a6 p4TR3ITR 4

40 NeuAca(2-6)-Galp(1-4)-GlcNAcP(1-3)-Galp(l- | ¢—O—l—O—B—0O—N
4)-GlecNAcB(1-3)-Galp(1-4)-GlcNAcp-ethyl- a6Tp4ATRITRATRITH 4
NH,

4 NeuAco(2-6)-GalNAcB(1-4)-GlcNAcB-ethyl- ‘_61 |[5_.

NH, ab=p4

42 NeuAco(2-6)-[Galp(1-3)]-GalNAca-Thr-NH, a6

[ —Thr
%3 (04

43 NeuAca(2-6)-Galp(1-4)-GleNAcp(1-6)- 36

[GalB(1-3)]-GalNAca-Thr-NH, a6Tp4 —Thr
B3

44 NeuAca(2-6)-Galp(1-4)-GleNAcB(1-3)-Galp(1- 36
4)-GleNAcp(1-6)-[Galp(1-3)]-GalNAca-Thr- a6TRATRITH4 Thr
NH, B3

45 NeuAca(2-6)-Galp(1-4)-GleNAcp(1-3)- —O—m{1Thr
GalNAco-Thr-NH, a6 4RI

46 NeuAca(2-6)-Galp(1-4)-GleNAcB(1-3)-Galp(1- | ¢—O—M—O—M—[1—Thr
4)-GleNAcB(1-3)-GalNAca-Thr-NH, aOTpATHITR 4TSI

47 NeuAca(2-6)-Galp(1-4)-GleNAcp(1-3)- 36
[NeuAca(2-6)-GalB(1-4)-GlcNAcB(1-6)]- a6—p4 —Thr
GalNAca—Thr—NHz o6 64 [53

48 NeuAca(2-6)-Galp(1-4)-GleNAcB(1-3)-Galp(1-
4)-GleNAcPB(1-3)-[NeuAca(2-6)-Galp(1-4)- a6—B4TR3TR4 Thr
GleNAcp(1-3)-Galp(1-4)-GleNAcB(1-6)]- o O s 30570 3 o
GalNAco-Thr-NH,

49 GalP(1-4)-GlcNAcp(1-2)-Mana(1-3)- —O—n a6
[NeuAca(2-6)-Galp(1-4)-GleNAcp(1-2)- p4Tp2 —
Mana(1-6)]-ManB(1-4)-GlcNAcp(1-4)- O|>5—4l‘5 >@6.3 LR
GlcNAcB-Asn-NH,

50 NeuAca(2-6)-Galp(1-4)-GleNAcp(1-2)- o a6
Mano(1-3)-[Galp(1-4)-GlcNAcB(1-2)-Mana(1- pa4—p2 —
I6\1)1]{—Man[3(1—4)-GlcNAcB(1-4)—GlcNAc[3—Asn— ‘(x (,Oﬁ 4-12,2 a3 '

2

51 GIcNAcB(1-2)-Mano(1-3)-[NeuAca(2-6)- —CO—n o6
Galp(1-4)-GleNAcp(1-2)-Mana(1-6)]-Manf(1- a 6P 4T 2 Wi,
4)-GIcNACP(1-4)-GlcNAcB-Asn-NH, 5063 B4t

52 NeuAca(2-6)-Galp(1-4)-GleNAcp(1-2)-

Mana(1-3)-[NeuAca(2-6)-Galp(1-4)-
GlcNACcB(1-2)-Mano(1-6)]-Man(1-4)-
GIcNAcB(1-4)-GlcNAcB-Asn-NH,

—0O—8 a0

o 67 4B 2
—O—=m 3 4B 4
o 6—p 4B 2 3P4
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Glycan #

Name

Structure

53 NeuAco(2-6)-Galp(1-4)-GleNAcB(1-3)-Galp(1- a6
4)-GleNAcp(1-2)-Mana(1-3)-[NeuAca(2-6)- a6—B4TBITPATH 2 i
GalB(1-4)-GIcNAcB(1-3)-GalB(1-4)- 7 Op 305785 3P4
GleNAcB(1-2)-Mana(1-6)]-Manp(1-4)-

GIcNAcB(1-4)-GlcNAcB-Asn-NH,

54 NeuAco(2-6)-Galp(1-4)-GleNAcB(1-3)-Galp(1- a6
4)-GlcNAcB(1-3)-Galp(1-4)-GleNAcpP(1-2)- a6 BATEITRATEITHATH 2 o
Mana(1-3)-[NeuAca(2-6)-Galp(1-4)- o 6B 4B 3P 4B 3B 4=p 2 ¢31 ‘
GleNACcB(1-3)-Galp(1-4)-GleNAcB(1-3)-

Galp(1-4)-GleNAcB(1-2)-Mana(1-6)]-Manp(1-
4)-GlcNAcB(1-4)-GlcNAcB-Asn-NH,

55 NeuGeo(2-6)-Galp(1-4)-GlcNAcB-ethyl-NH, W

56 NeuAco(2-3)-Galp(1-4)-GleNAcB(1-2)- *—0O—=m a6
Mano(1-3)-[NeuAca(2-6)-Galp(1-4)- a6—p4 %
GleNAcp(1-2)-Mano(1-6)]-ManB(1-4)- 50, 5063 B4l
GlcNACcB(1-4)-GleNAcB-Asn-NH,

57 NeuAco(2-6)-Galp(1-4)-GleNAcB(1-2)- ’.—?’Oﬁ.

(04 .

Mana(1-3)-[NeuAca(2-3)-Galp(1-4)-
GlcNAcB(1-2)-Mano(1-6)]-Man(1-4)-
GlcNACcB(1-4)-GleNAcB-Asn-NH,

o6
5:2:>Q—I—l
—O—m 34 4
o 6B A2 3P4
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Supplementary Table 2. Data collection and refinement statistics for VN1203 HA mutants.

Data set
Space group
Unit cell (A)

Unit cell (deg.)

Resolution (A) ®

X-ray source
Unique reflections
Redundancy
Average l/o(1)®
Completeness (%) ?®
Rsyma'b
HA monomers in a.u.
Vi (A/Da)
Reflections in refinement
Refined atoms
Refined waters
Rcrystc
Rfreed
B-values (A%

Protein
Wilson B-values (A?)
Ramachandran plot (%)°
r.m.s.d. bond (A)
r.m.s.d. angle (deg.)
PDB code

VN1203 HA 3-mutant

P1

a=117.9,
b=118.1,
c=273.8
a=915
p=90.2
y=119.9

50.0-3.20
(3.27-3.20)

APS 23ID-B
199,766

1.9 (1.6)

7.1 (1.1)
93.6 (83.4)
0.13 (0.68)
15

3.9

199,509
61,068

0
0.213
0.261

97

63

92.9, 0.1
0.012
1.56
4NSY

VN1203 HA 4-mutant

P1
a=117.2,
b=118.9,
c=2734
a=884
p=89.7

y =60.3
50.0-2.95
(3.02-2.95)

APS 23ID-B
236,232

1.9 (1.7)

8.5 (1.1)
89.7 (77.4)
0.13 (0.71)
15

3.9

235,905
61,083

0
0.235
0.281

91

64

93.8, 0.1
0.011
1.46
4NSZ

@ Parenthesis denote outer-shell statistics.

b Rsym = Shui [hii = <lnk>| 12 piaDi Iniijs Where Ing is the scaled intensity of the i measurement of reflection h,

k, I, < > is the average intensity for that reflection.

¢ Rcryst = Ehkl |Fo - Fc| / Ehkl |Fo

, Where F, and F, are the observed and calculated structure factors.

¢ Riee Was calculated as for Rqys:, but on 5% of data excluded before refinement.

° The values are percentage of residues in the favored and outliers regions analyzed by MolProbity (4).
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Supplementary Figure 1. Full array data of receptor specificity of aerosol transmissible
recombinant VN1203 and INDO5 H5 hemagglutinins.

The receptors specificity of recombinant H5 HAs representing a series of WT and receptor
mutants of VN1203 (left panels) and INDOS5 (right panels), was assessed on glycan microarrays
described in Figure 1. The a-2,3 sialosides are in white bars and and the a-2,6 sialosides are in
black bars. Shown are results for the VN1203 WT (A) and INDO5 WT (B) and VN1203 HAs with
the RBS mutations (C and D). HA with the RBS mutants and removal of the glycosylation site (E
and F), and addition of the stalk mutations, T318l (G) and H107Y (H), that were also introduced
into the HA without the RBS mutations (I and J). The glycans are shown in Table S1.

A
E VN1203 WT [ «2:3 sialosides INDO5 WT
Y - «2-6 sialosides

E mixed sialosides

LR E-EX-F

1 INDOS Q226L G228S

300001 VN1203 N158D N224K Q226L 150007 INDOS T160A Q226L G228S

Glycan number
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Supplementary Figure 2. ELISA-based plate assay of VN1203 HA WT, RBS and stalk mutations
from a baculovirus expression system. Mutants and WT to 3’-SLNLN (structure 10) (A) and 6’-

SLNLN (structure 39) (B).

Relative binding signal

A

100+
904
804
704
604
504
404
304
204
104
0

2-3 SLNLN

100+
90+
80+
704
60+
50
40+
30+
20+
104
04

2-6 SLNLN

- \\'T
—— N158D N224K Q226L
-e- N158D N224K Q226L T318I

HA concentration (ug/ml)
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